Introduction
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developed [12] and was employed for our system. Several antenna arrays were designed using this method to obtain best imaging of the mode conversion windows using only 8 antennas or 16 antennas divided into 2 sets of 8 with fast switching between them.
Calibration of the system
An absolute calibration of the 2D synthetic aperture imaging system would require large 2D 'hot' and 'cold' black body sources. However for the correct image shape reconstruction a relative phase calibration is sufficient. We therefore performed thorough phase calibration using several techniques, but did not carry out an absolute calibration of the system.
The calibration was done on the machine in-situ with all components in the operational position except for the antennas. The antenna array was turned around and pointed to the outside of the machine as shown in figure 8. All cables were kept plugged-in and care was taken to disturb connectors as little as possible. The antenna array was surrounded by absorber sheets providing viewing angles about ±20 horizontally and about ±10 vertically. A dual-polarized horn antenna DP241-AC (Flann Microwave) was placed at 1.2 m from the array. The horn antenna can be moved both vertically and horizontally providing a 2D scan of the image plane with the active point source.
First a frequency sweeping (Rohde & Schwarz) microwave generator covering the range from 9.5 to 18 GHz was used to feed the horn antenna for calibration of low frequency channels. The antenna was moved in 2 cm steps providing detailed coverage of the viewing field. SAMI was run in a frequency-switching mode receiving all frequencies from 10 to 18 GHz. During the time instances when the frequency of the sweeping generator was passing the doubled frequency of one of the LOs, a beating frequency occurred in IF signals in all channels. To obtain calibration constants, only one calibration is necessary with the source located at known angular coordinates. The remaining measurements within the array viewing field were used to estimate the accuracy of the point source position reconstruction.
A similar procedure was conducted with the movable horn antenna fed by the APSG generating noise signals as described in section 3.1.4. In this configuration, only one side band is calibrated -9 - • An increase in the maximum blue Doppler shift is observed when the NBIs are turned on • We note that larger velocities are observed at lower frequencies • Lower frequencies will be Doppler backscattered from a shallower layer of plasma
Plasma rotation
• SAMI is to be installed on NSTX-U at PPPL • Vivaldi antennas are to be replaced with dual polarisation planar "sinuous" antennas • Sinuous are planar PCB antennas and will therefore not cause problematic 3D scattering effects • By measuring the position of red and blue shifted power maxima it is possible to make a pitch angle measurement. A pitch angle has never been measured using this technique before.
• In Figure 3 we see that the orientation of maximum blue and red shifted power are aligned perpendicular to the magnetic field (shown in blue) • We observe this spatial structure in the power as the Doppler shifted radiation is Bragg backscattered from plasma turbulent structures aligned with magnetic field. • We see a large reduction in Doppler shifted power when the plasma enters H-mode at 350ms • The 12GHz channel shows much higher power and variability than the others. This could be due to this frequency being Doppler backscattered outside the LCFS
